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©  A  copper-nickel  catalyst,  a  process  for  its  production  and  its  use. 
©  A  copper-nickel  catalyst  containing  on  an  inert,  refrac- 
tory  carrier  metallic  copper  and  nickel  as  active  component 
bound  to  the  carrier,  characterised  in  that 

a)  the  catalyst  contains  at  least  5  %  by  weight,  based  on 
the  total  weight  of  the  catalyst,  of  metallic  copper, 

b)  the  catalyst  contains  less  than  20%  by  weight  of 
metallic  nickel,  based  on  the  total  weight  of  metallic  copper 
and  metallic  nickel,  the  catalyst  containing  at  least  1%  by 
weight  of  metallic  nickel,  based  on  the  total  weight  of  the 
catalyst, 

c)  at  least  80%  by  weight  of  the  nickel  is  alloyed  in  the 
metallic  copper, 

d)  the  copper-nickel-alloy  is  present  on  the  carrier  in 
small  metal  particles  with  an  average  particle  size  of  less 
than  14  nm. 

The  invention  also  relates  to  the  production  of  this 
catalyst  and  to  its  use  for  the  reaction  of  carbon  monoxide 
with  hydrogen. 
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B a c k g r o u n d  o f   the  i n v e n t i o n :  

This  i n v e n t i o n   r e l a t e s   to  a  c o p p e r - n i c k e l   c a t a l y s t   c o n t a i n i n g   on 

an  i n e r t ,   r e f r a c t o r y   c a r r i e r   m e t a l l i c   copper  and  n i c k e l   as  a c t i v e  

component  bound  to  the  c a r r i e r .   The  i n v e n t i o n   a l s o . r e l a t e s   to  a 

p roces s   for  producing  t h a t   c a t a l y s t   and  to  i t s   use,  in  p a r t i c u l a r  

for  the  me thana t ion   r e a c t i o n ,   in  which  carbon  monoxide  and  hydrogen 

are  r e a c t e d   to  form  m e t h a n e .  

C o p p e r - n i c k e l   c a t a l y s t s   c o n t a i n i n g   m e t a l l i c   copper  a n d  n i c k e l   a s  

the  a c t i v e   component  on  an  i n e r t ,   r e f r a c t o r y   c a r r i e r   are  known, 

for  example  from  DE-A-20  25  501,  US-A-4  157  315,  3  371  050  and 

3  956  1 9 1 .  

In  the  DE-A-20  25  501  c o p p e r - n i c k e l   c a t a l y s t s   are  ment ioned,   where  

the  n i cke l   has  a  s p e c i f i c   f unc t i on   in  r e a l i z i n g   t h e r m o s t a b l e   c o p p e r  

c a t a l y s t s .   In  t h i s   d i s c l o s u r e   it   is  s t a t e d   t ha t   t h e r m o s t a b l e   c o p p e r  

c a t a l y s t s   cannot  be  produced  by  h i t h e r t o   known  methods,   b e c a u s e  

of  the  weak  i n t e r a c t i o n   between  the  copper  and  the  s i l i c a   s u r f a c e .  

T h e r e f o r e ,   a  method  is  proposed  in  which  n i c k e l h y d r o s i l i c a t e   p a r t i c l e s  

are  formed  onto  the  s i l i c a   s u r f a c e .   An  ox id i c   copper  compound  i s  

then  p r e c i p i t a t e d   over  the  n i cke l   compound  p a r t i c l e s .   After  r e d u c t i o n  

the  copper  p a r t i c l e s   are  wel l -bounded   to  the  c a r r i e r   via  the  i n t e r -  

mediate   layer   of  n i c k e l - m e t a l - n i c k e l - s i l i c a t e   compounds.  T h e  n i c k e l  

wi l l   thus  not  be  a c t i v e   as  n i cke l   metal ,   because   i t   is  always  c o v e r e d  

by  copper .   Consequent ly   these   c a t a l y s t s   are  only  u s e f u l   for  t h e i r  

s p e c i f i c   a c t i v i t y   as  copper  c a t a l y s t s ,   not  as  n i c k e l   or  n i c k e l - c o p p e r  

c a t a l y s t s .   Fur the rmore ,   because  of  the  t w o - l a y e r   approach ,   it  w i l l  

be  d i f f i c u l t   to  produce  r e a l l y   small  a c t i v e   metal  p a r t i c l e s .   Average  

p a r t i c l e s   s izes   of  17  and  200  Angstrom  are  ment ioned  (=  17  and  20  nm 

r e s p e c t i v e l y ) .  

According  to  05-A-4  157  315,  a  c a t a l y s t   c o n t a i n i n g   s e r v e r a l  m e t a l s ,  

for  example  n i cke l   and  copper ,   as  a c t i v e   component  is  produced  by 

coa t ing   a  s u b s t r a t e   with  a  d i s p e r s i o n   c o n t a i n i n g   a  s t a b i l i z e d   s o l u t i o n  

of  c o l l o i d a l   s i l i c o n   d iox ide   and  f ine  metal  powders  of  the  m e t a l s  

forming  the  a c t i v e   component,   hea t i ng   the  s u b s t r a t e   thus  c o a t e d  

in  an  i n e r t   gas  a tmosphere   and  s i n t e r i n g   i t   at  e l e v a t e d   t e m p e r a t u r e .  

A  coa t ing   having  low  s p e c i f i c   su r f ace   with  low  c a t a l y t i c   a c t i v i t y  



Accord ing   to  US-A-3  37]  O50,  n i cke l - coppe   c a t a l y s t s   can  be  produced  by  

d e p o s i t i n g   i n s o l u b l e   compounds  t o g e t h e r   onto  the  s u p p o r t   from  a  

s o l u t i o n   of  n i c k e l   s a l t s   and  copper  s a l t s ,  s e p a r a t i n g   o f f ,  

c a l c i n i n g   end  r e d u c i n g   the  loaded  c a r r i e r .   The  c a t a l y s t s   t h u s  

o b t a i n e d ,   in  which  the  n i c k e l   c o n t e n t   e x c e r d s   t h e  c o p p e r   c o n t e n t ,  

have  a  s m a l l  s u r f a c e   of  a c t i v e   m e t a l s .  

Accord ing   to  U.S-A-3  956  191,  n i c k e l - c o p p e r  c a t a l y s t s   are  p r o d u c e d  

s i m i l a r l y   to  the  d i s c l o s u r e   of  DF-A-20  25  50]  by  d e p o s i t i n g   a n  

i n s o l u b l e   copper   compound  from a  s u l u t i o n   c o n t a i n i n g   copper  i o n s  

onto  a  c a r r i e r   loaded   wi th   n i c k e l   and  s e p a r a t i n g   o f f ,   c a l c i n i n g  

and  r e d u c i n g   the  loaded   c a r r i e r .   Complete  r e d u c t i o n   o f  

the  n i cke l   i s   not  r e q u i r e d   and  is  e x t r e m e l y   d i f f i c u l t .   In  a d d i t i o n ,  

the  c a t a l y s t s   d e s c r i b e d   in  t h i s   l i t e r a t u r e   r e f e r e n c e   c o n t a i n  

a p p r o x i m a t e l y   twice  as  much  n i c k e l   as  c o p p e r .  

The  p r o d u c t i o n   of  c a t a l y s t s   of  the  type  in  q u e s t i o n   is  based  on 

the  g e n e r a l   idea  t h a t ,   on  the  one  hand,  pure  n i c k e l   c a t a l y s t s   t e n d  

to  d e p o s i t   carbon  when  exposed   to  an  a t m o s p h e r e   c o n t a i n i n g   CO  o r  

h y d r o c a r b o n s ,   whereas   on  the  o the r   hand  copper   c a t a l y s t s   c o n t a i n i n g  

the  a c t i v e   me ta l s   on  an  i n e r t ,   r e f r a c t o r y   c a r r i e r   are  i n a c t i v e   f o r  

t h a t   r e a c t i o n s   l i k e   m e t h a n a t i o n   or  low  t e m p e r a t u r e   r e f o r m i n g   b u t  

on  the  o t h e r   hand  do  not  show  any  t e n d e n c y  t o   d e p o s i t   carbon.   A c c o r d i n g -  

ly ,   t h e r e   i s   a  need  for  c o p p e r - n i c k e l   c a t a l y s t s   which  are  s u i t a b l e  

for  the  a b o v e - m e n t i o n e d   m e t h a n a t i o n   r e a c t i o n  a n d   o the r   r e a c t i o n s ,  

in  which  ca rbon   monoxide  a n d / o r   h y d r o c a r b o n s   a rc   p r e s e n t   in  the  r e a c t i o n  

gas  phase  (as  s t a r t i n g   m a t e r i a l s   or  end  p r o d u c t s )   or  are  i n t e r m e d i a t e l y  

formed,  and  which  c a t a l y z e   t huse   r e a c t i o n s ,   but  which  on  the  o the r   h a n d  

do  not  show  any  t endency   to  d e p o s i t   c a r b o n .  

The  c o p p e r - n i c k e l   c a t a l y s t s   known  from  the  p r i o r   a r t ,   which  c o n t a i n  

m e t a l i c   copper   and  n i c k e l   as  a c t i v e - c o m p o n e n t   on  an  i n e r t   r e f r a c t o r y  

c a r r i e r ,  s h o w   very  poor  c a t a l y t i c   a c t i v i t y   for   the   a b o v e - m e n t i o n e d  

r e a c t i o n s   when  the  n i cke l   c o n t e n t   is   low.  On  the   o t h e r   hand,  i f  

the  n i c k e l   c o n t e n t   is  h igh ,   t he se   c a t a l y s t s   p r e s e n t   a lmost   the  same 

probleme  as  pure  n i c k e l   c a t a l y s t s .   The  o b j e c t   of  the  p resen t   i n v e n t i o n   i s  

to  p r o v i d e   a  c o p p e r - n i c k e l   c a t a l y s t   w h i c h  s h o w s  h i g h  



c a t a l y t i c   a c t i v i t y   for  the  me thana t ion   r e a c t i o n   and  o ther   r e a c t i o n s  

of  the  type  d e s c r i b e d   above,  for  example  the  l o w - t e m p e r a t u r e   r e f o r m i n g  

r e a c t i o n ,   but  which  only  d e p o s i t s   carbon  a f t e r   p ro longed   use,  i f  

at  a l l .   In  a d d i t i o n ,   i t   would  be  of  advantage  if   the  c a t a l y s t s  

in  q u e s t i o n   did  not  show  any  tendency  to  form  n i cke l   c a r b o n y l s  

under  o p e r a t i n g   c o n d i t i o n s   in  chemical  c o n v e r s i o n   p r o c e s s e s .  

It  has  now  been  found  t ha t   t h i s   problem  can  be  so lved  to  a  c o n s i d e r -  

a b l e  d e g r e e   by  the  c a t a l y s t   def ined   h e r e i n a f t e r .  

The  i n v e n t i o n :  

Acco rd ing ly ,   the  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  c o p p e r - n i c k e l   c a t a l y s t  

c o n t a i n i n g   on  an  i n e r t ,   r e f r a c t o r y   c a r r i e r   m e t a l l i c   copper  and  n i c k e l  

as  a c t i v e   component  bound  to  the  c a r r i e r ,   c h a r a c t e r i s e d   in  t h a t  

a)  the  c a t a l y s t   c o n t a i n s   at  l e a s t   5 %  by  weight ,   based  on  the  t o t a l  

weight  of  the  c a t a l y s t ,   of  m e t a l l i c   c o p p e r ,  
b)  the  c a t a l y s t   c o n t a i n s   l ess   than  25  %  by  weight  of  m e t a l l i c   n i c k e l ,  

based  on  the  t o t a l   weight  of  m e t a l l i c   copper  and  m e t a l l i c   n i c k e l ,  

the  c a t a l y s t   c o n t a i n i n g   at  l e a s t   1 S  by  weight  of  m e t a l l i c   n i c k e l ,  

based  on  the  t o t a l   weight  of  the  c a t a l y s t ,  

c)  at  l e a s t   80  %  by  weight  of  the  n icke l   is  a l l o y e d   in  the  m e t a l l i c  

c o p p e r ,  
d)  the  c o p p e r - n i c k e l   a l l oy   is  p r e sen t   on  the  c a r r i e r   in  small  m e t a l  

p a r t i c l e s   with  an  average   p a r t i c l e   s ize   of  l e s s   than  14  nm. 

The  i n e r t ,   r e f r a c t o r y   c a r r i e r   used  may  be  any  of  the  m a t e r i a l s   h a v i n g  

a  l a rge   s p e c i f i c   s u r f a c e   which  are  commonly  used  in  the  f i e ld   o f  

c a t a l y s t s .   Examples  of  those  m a t e r i a l s   are  aluminium  oxide,  s i l i c o n  

d i o x i d e - a l u m i n i u m   oxide ,   s i l i c o n - d i o x i d e - m a g n e s i u m   oxide,   z i r c o n i u m  

d i o x i d e ,   s i l i c o n   d i o x i d e - z i r c o n i u m   d iox ide ,   t i t a n i u m   d ioxide ,   s i l i c o n  

d i o x i d e - z i r c o n i u m   d i o x i d e - t i t a n i u m   d iox ide ,   c r y s t a l l i n e   o r  a m o r p h o u s  

a l u m i n o s i l i c a t e   mo lecu la r   s i eves   and  m e t a l ' p h o s p h a t e s .  

It  is  p r e f e r r e d   to  use  a  s i l i c o n   d ioxide   c a r r i e r   having  a  s p e c i f i c  

s u r f a c e   of  more  than  50  m2/g.  It  is  p o s s i b l e   to  use  the  c o m m e r c i a l l y  

a v a i l a b l e   p roducts   based  on  k i e s e l g u h r ,   i . e .   n a t u r a l   p roduc t s ,   o r  

s y n t h e t i c a l l y   produced,   f i n e l y   d iv ided  s i l i c o n   d i o x i d e ,   for  example  o f  



the  type  commerc ia l ly   a v a i l a b l e   as  Aeros i l   If  k i e s e l g u h r   is  u s e d ,  

it   shou ld   have  a  s p e c i f i c   s u r f a c e   of  from  about  5  to  40  m2/g.  However ,  

in  the  p r o d u c t i o n   of  the  c a t a l y s t ,   the  p a r t i c l e s   break  up  and  a  much 

l a r g e r   s u r f a c e   of  from  about  60  to  150  m2/g  is  o b t a i n e d .  

The  upper  l im i t   to  the  q u a n t i t y   of  m e t a l l i c   copper   which  is  bound 

to  the  suppor t   depends  e s s e n t i a l l y   on  the  p r e s e n c e   of  a  s u f f i c i e n t  

q u a n t i t y   of  m e t a l l i c   copper  and  n icke l   having  the  above  d e f i n e d  

- s u r f a c e .   In  g e n e r a l ,   the  upper  l im i t   amounts  to  a p p r o x i m a t e l y   50 % 

by  weight   of  m e t a l l i c   copper ,   based  on  the  t o t a l   weight   of  t h e  

c a t a l y s t .  

It  is  p r e f e r r e d ,   t ha t   the  weight  r a t i o   between  copper  and  n i c k e l  

in  the  c a t a l y s t   is  be tween  4   and  100,  p r e f e r a b l y   between  16  and  

100.  This  means,  tha t   the  c a t a l y s t   c o n t a i n s   on  one  pa r t   by  n i c k e l  

between  16  and  100  p a r t s   by  weight  copper .   It  is  f u r t h e r m o r e   p r e f e r r e d ,  

t h a t   the  c a t a l y s t   c o n t a i n s   l e s s   than  13  %  by  we igh t ,   more  p r e f e r r e d  

l e s s   than  10 %  by  weight  of  m e t a l l i c   n i cke l   or  even  more  p r e f e r r e d   l e s s  

than  6 %  by  weight ,   based  on  the  t o t a l   weight  of  m e t a l l i c   copper  and  

m e t a l l i c   n i c k e l .  

An  e s s e n t i a l   f e a t u r e   of  the  c a t a l y s t   a c c o r d i n g   to  the  i n v e n t i o n  

is   t h a t   as  l a rge   a  p e r c e n t a g e   as  p o s s i b l e   of  the  n i c k e l   in  t h e  

c a t a l y s t   is  p r e sen t   in  the  form  of  m e t a l l i c   n i c k e l   in  the  m a t r i x  

o f  m e t a l l i c   copper .   P r e f e r a b l y ,   at  l e a s t   90  %  by  weight   and,  more 

p r e f e r a b l y ,   at  l e a s t   95 %  by  weight  and  most  p r e f e r a b l y   98 %  by  

weight   of  the  n i cke l   in  the  c a t a l y s t   is  a l l o y e d   in  the  m e t a l l i c  

c o p p e r .  

As  p o i n t e d   out  above  a l r e a d y   i t   is  an  e s s e n t i a l   f e a t u r e   that   t h e  

metal  p a r t i c l e s   c o n s i s t i n g   of  the  c o p p e r - n i c k e l - a l l o y   have  a  v e r y  
small  p a r t i c l e   s i z e ,   and  i t   is  p r e f e r r e d   tha t   the  average   p a r t i c l e  

s i ze   of  the  metal  p a r t i c l e s   is  l ess   than  12  nm,  more  p r e f e r a b l y   l e s s  

than  10  nm  and  most  p r e f e r a b l y   less   than  8  nm. 

Another   p r e f e r r e d   f e a t u r e   of  the  i n v e n t i o n   i s ,   t h a t   the  n i c k e l  

a l l o y e d   in  the  m e t a l l i c  c o p p e r   is  d i s t r i b u t e d   so  homogeneous ly ,  

t ha t   it  is  p resen t   in  c o p p e r - n i c k e l   p a r t i c l e s   c o n t a i n i n g   at  most  

30  %  by  we igh t   of  m e t a l l i c   n i c k e l ,   based  on  the  t o t a l   weight  o f  

m e t a l l i c   copper  and  m e t a l l i c   n i c k e l .  



The  s u r f a c e   of  the  p a r t i c l e s   of  m e t a l l i c   copper  and  n i c k e l   bound  t o  

the  suppor t   bes t   amounts  to  at  l e a s t   20  and  p r e f e r a b l y   to  at  l e a s t  

40  m2/g  of  those  m e t a l l i c   p a r t i c l e s   and  best   to  a t  mos t   80  m2/g.  

The  p r e s e n t   i n v e n t i o n   a lso   r e l a t e s   to  a  p rocess   for  p roduc ing   t h e  

c a t a l y s t ,   c h a r a c t e r i z e d   in  t h a t  

a)  copper  compounds  and  n i c k e l   compounds  are  p r e c i p i t a t e d   in  a  d i l u t e  

s o l u t i o n ,   which  c o n t a i n s   the  c a r r i e r   suspended  i n . f i n e l y   d i v i d e d  

form  and  copper  ions  and  n i c k e l   ions  in  the  d e s i r e d   r a t i o ,   by 

r e a c t i o n   with  hydroxyl   ions  at  a  pH-value  of  from  3.5  to  6 . 5 ,  

accompanied  by  p ro longed   i n t e n s i v e   s t i r r i n g ,   and  the  loaded  c a r r i e r  

is  s e p a r a t e d   off  from  the  s o l u t i o n ,   d r i ed ,   c a l c i n e d   and  r e d u c e d  

u n t i l   at  l e a s t   80  0  of  the  n i c k e l   in  the  c a t a l y s t   has  been  r e d u c e d  

to  m e t a l l i c   n i c k e l ,   o r  

b)  n i c k e l   carbonyl   is  a l lowed  to  act  on  a  c a t a l y s t   which  c o n t a i n s  

m e t a l l i c   copper  in  f i n e l y   d iv ided   form  on  an  i n e r t ,   r e f r a c t o r y  

c a r r i e r   and  of  which  the  t e m p e r a t u r e   is  above  100°C.  

It  is  p r e f e r r e d   to  allow  the  n i cke l   carbonyl   to  act  on  the  c o p p e r -  

c o n t a i n i n g   c a t a l y s t   used  as  s t a r t i n g   m a t e r i a l   in  a  f l u i d i s e d  b e d  

r e a c t o r   in  which  the  c a t a l y s t   p a r t i c l e s   are  p r e s e n t   in  f l u i d i s e d  

fo rm.  

In  method  a)  the  c a t a l y s t   is  p r e f e r a b l y   reduced  u n t i l   at  l e a s t   90  % 

by  weight   and,  more  p r e f e r a b l y ,   at  l e a s t   95 %  by  weight  of  the  n i c k e l  

in  the  c a t a l y s t   has  been  reduced  to  m e t a l l i c   n i c k e l .   The  r e d u c b i o o  

step  is  c a r r i e d   out  at  t e m p e r a t u r e s   at  which  tha t   degree  of  r e d u c t i o n  

is  a ch i eved .   The  t e m p e r a t u r e s   in  ques t ion   are  p r e f e r a b l y   t e m p e r a t u r e s  

in  the  ranges   from  about  500  to  800°C  ma in ta ined   for  r e l a t i v e l y  

long  p e r i o d s ,   for  example  of  from  about  20  to  100  h o u r s .  

In  ano the r   embodiment,  i t   is  p r e f e r r e d   t ho rough ly   to  mix  the  c a t a l y s t  

c o n t a i n i n g   m e t a l l i c   copper  with  n i cke l   powder  and  to  allow  c a r b o n  

monoxide  to  act  on  the  r e s u l t i n g   mixture ,   so  tha t   n i c k e l   c a r b o n y l  

is  formed  in  s i t u .  

During  p r o d u c t i o n ,   the  t e m p e r a t u r e   of  the  c a t a l y s t   c o n t a i n i n g   m e t a l l i c .  

copper  is  best   below  700°C.  It  is  also  of  advantage  for  the  n i c k e l  

ca rbonyl   to  be  p re sen t   in  admixture   with  n o n - o x i d i z i n g   g a s e s ,  



p r e f e r a b l y   n i t r o g e n ,   the  con ten t   of  n icke l   ca rbony l   in  the  g a s  
mixture   amounting  to  at  l e a s t   0.1 %  by  volume,  p r e f e r a b l y   to  be tween  

0.5  and  1.5 %  by  volume  and,  more  p r e f e r a b l y ,   to  between  0.6  and  1 .1  % 

by  volume.  The  c a t a l y s t   c o n t a i n i n g   m e t a l l i c   copper  used  as  s t a r t i n g  

m a t e r i a l   best   c o n t a i n s   from  5  to  50 %  by  weight  of  c o p p e r ,  

based  on  the  t o t a l   weight  of  the  suppor t   plus  m e t a l l i c   c o p p e r .  

Where  p r o d u c t i o n   is  c a r r i e d   out  in  a  f l u i d i s e d   bed  r e a c t o r ,   t h e  

c a t a l y s t   p a r t i c l e s   best   d i f f e r   as  l i t t l e   as  p o s s i b l e   from  one  a n o t h e r  

in  p a r t i c l e   s i ze   so  t h a t   a  s a t i s f a c t o r y   f l u i d i s e d   bed  is  o b t a i n e d  

and  p a r t i c u l a r l y   l a r g e ,   heavy  p a r t i c l e s   do  not  s ink   to  the  bo t t om 

or  p a r t i c u l a r l y   l i g h t ,   small   p a r t i c l e s   f l o a t   to  the  top.   A c c o r d i n g l y ,  

the  p a r t i c l e   s i ze   of  the  c a t a l y s t   p a r t i c l e s   bes t   shows  a  na r row 

d e v i a t i o n   range,   p r e f e r a b l e   o f  ±   20 K  from  tha t   p a r t i c l e   s ize   which 

is  common  to  most  of  the  p a r t i c l e s .   This  is  known  to  the  e x p e r t  

on  the  s u b j e c t   of  f l u i d i s e d   bed  r e a c t i o n s .   The  average   p a r t i c l e  

s i ze   is  best   in  the  range  from  about  0.05  to  1.0  mm. 

It  is  of  course  impor t an t   to  ensure   tha t   the  n i c k e l   ca rbonyl   does  

not  decompose  o u t s i d e   the  f l u i d i s e d   bed.  A c c o r d i n g l y ,   the  e n t r a n c e  

to  the  r e a c t o r   should  be  cooled ,   best   to  t e m p e r a t u r e s   below  a b o u t  

150°C  and  p r e f e r a b l y   to  t e m p e r a t u r e s   below  about  100°C.  The  same 

a lso   a p p l i e s   to  the  sc reen   by  which  the  f l u i d i s e d   bed  is  c l o s e d  

off   u n d e r n e a t h .   In  o rder   to  heat   the  c a t a l y s t   p a r t i c l e s   above  t h e  

sc reen   in  the  f l u i d i s e d   bed  as  qu ick ly   as  p o s s i b l e   to  the  d e s i r e d  

t e m p e r a t u r e ,   hot  i n e r t   gases  for  h e a t i n g   the  c a t a l y s t   p a r t i c l e s  

are  bes t   i n t r o d u c e d   in  a  zone  above  the  cooled  s i eve   by  which  t h e  

f l u i d i s e d   bed  is  c lo sed   off  u n d e r n e a t h .   In  the  case  of  small  r e a c t o r s ,  

the  d e s i r e d   t e m p e r a t u r e   g r a d i e n t   may  be  ob t a ined   by  e x t e r n a l   h e a t i n g  

and  c o o l i n g   s y s t e m s .  

In  the  p rocess   v a r i a n t   in  which  the  n icke l   powder  is  exposed  t o  

the  e f f e c t   of  carbon  monoxide  in  admixture   with  the  copper  c a t a l y s t  

used  as  s t a r t i n g   m a t e r i a l  ,   i t   can  be  of  adyantage   a l t e r n a t e l y   t o  

heat  the  mixture   to  r e l a t i v e l y   high  and  then  to  cool  to  somewhat  l o w e r  

t e m p e r a t u r e s ,   for  example  i n i t i a l l y   to  keep  i t   at  a  r e l a t i v e l y   low 

t e m p e r a t u r e   of  from  about  100°C  to  250°C  for  a  c e r t a i n   pe r iod ,   f o r  

example  from  10  minutes   to  2  hours ,   and  then  at  a  h ighe r   t e m p e r a t u r e ,  

bes t   at  l e a s t   100°C  h i g h e r ,   for  a  c e r t a i n   p e r i o d ,   for  example  from 



10  minutes   to  2  hours ,   and  then  to  cool  i t   aga in ,   best   by  at  l e a s t  

100°C,  and  to  r epea t   t h i s   h e a t i n g / c o o l i n g   cycle   e i t h e r   once  or  s e v e r a l  

t imes .   The  n i cke l   p a r t i c l e s   r eac t   with  the  carbon  monoxide  a t  

r e l a t i v e l y   low  t e m p e r a t u r e s   u n t i l   an  e q u i l i b r i u m   s t a t e   in  r e g a r d  

to  the  fo rmat ion   of  n i c k e l   carbonyl   has  been  e s t a b l i s h e d   in  t h e  

r e a c t o r .   At  e l e v a t e d   t e m p e r a t u r e ,   n i c k e l   ca rbonyl   is  l e s s   s t a b l e ,  

i . e .   decomposes,  p r e f e r a b l y   at  the  copper  s u r f a c e .   In  t h i s   way, 
m e t a l l i c   n i cke l   is  t r a n s p o r t e d   into  the  m e t a l l i c   copper  which  forms 

the  ma t r ix .   If  the  c o o l i n g / h e a t i n g   cyc le   is  then  a p p l i e d   a g a i n ,  

t ha t   mechanism  is  r e p e a t e d   u n t i l   the  r e q u i r e d   n i cke l   con ten t   h a s  

been  reached  in  the  copper  or  u n t i l   a l l   the  powder-form  n icke l   added  

has  been  t r a n s p o r t e d   in to   the  c o p p e r .  

Desp i te   i t s   r e l a t i v e l y   low  n i c k e l   c o n t e n t ,   the  c a t a l y s t   a c c o r d i n g  

to  the  i n v e n t i o n   shows  high  a c t i v i t y ,   for  example  in  the  m e t h a n a t i o n  

r e a c t i o n ,   whereas  on  the  o ther   hand  the  d e p o s i t i o n   of  carbon  i s  

almost  comple te ly   avo ided .   This  must  be  a t t r i b u t e d   to  the  p a r t i c u l a r  

s t r u c t u r e   of  the  c a t a l y s t   as  de f ined   above.  The  p a r t i c l e s   of  m e t a l l i c  

copper  and  n i c k e l   are  p r e s e n t   in  the  form  of  very  small   p a r t i c l e s ,  

as  is  ev iden t   from  the  l a rge   su r f ace   as  de f i ned   in  the  f o r e g o i n g .  

On  the  bas i s   of  c e r t a i n   s t u d i e s ,   the  i n v e n t o r s   gained  the  i m p r e s s i o n  

t h a t ,   in  a  gas  a tmosphere   c o n t a i n i n g   carbon  monoxide,  the  n i c k e l  

mig ra t e s   to  the  s u r f a c e   of  the  copper  p a r t i c l e s   in  which  the  n i c k e l  

is  d i s t r i b u t e d   and  t h a t ,   in  t h i s   way,  the  n i c k e l   is  able  to  e x e r t  

i t s   c a t a l y t i c   a c t i v i t y   on  the  me thana t ion   r e a c t i o n ,   the  l o w -  

t e m p e r a t u r e   r e fo rming   r e a c t i o n   and  o the r   r e a c t i o n s .   The  fact   t h a t  

the  n i cke l   is  p r e s e n t   in  the  copper  ma t r ix   p r e v e n t s   the  f o r m a t i o n  

of  n icke l   c a r b o n y l s .   The  format ion   of  n i c k e l   carbonyl   can  lead  t o  

the  format ion   of  r e l a t i v e l y   l a rge   n i c k e l   p a r t i c l e s   on  which  c a r b o n  

can  be  formed  or  d e p o s i t e d .   To  p reven t   t h i s ,   the  n i c k e l   m u s t  b e  

p r e sen t   in  m e t a l l i c   form  in  the  m e t a l l i c   copper  p a r t i c l e s   in  t h e  

q u a n t i t y   de f ined   above,  whereas  on  the  o the r   hand  the  n icke l   c o n t e n t  

must  remain  w i th in   the  range  de f ined   a b o v e . '  I f   the  n i c k e l   c o n t e n t  

exceeds  the  upper  l i m i t   de f ined   in  a cco rdance   with  the  i n v e n t i o n ,  

the  c o n c e n t r a t i o n   of  n i c k e l   at  the  s u r f a c e   of  the  copper  m a t r i x  

would  also  appear  to  i n c r e a s e   to  such  an  e x t e n t   t ha t   n i cke l   c a r b o n y l s  

are  more  e a s i l y   formed.  I f ,   on  the  o the r   hand,  the  n i c k e l   is  n o t  

p r e s e n t   in  m e t a l l i c   form  in  the  copper  m a t r i x ,   but  i n s t e a d   is  bound 



in  i on i c   form  to  the  suppor t   m a t e r i a l ,   i t   is  i m p o s s i b l e - f o r   n i c k e l  

to  m ig ra t e   to  the  s u r f a c e   of  the  copper  matr ix  to  an  adequate   e x t e n t  

when  the  c a t a l y s t   is  used  for  the  a b o v e - m e n t i o n e d  r e a c t i o n s   and  

the  a c t i v i t y   of  the  c a t a l y s t   is  then  too  low  to  be  able  to  c a r r y  
out  the  r e a c t i o n s   s a t i s f a c t o r i l y   on  an  i n d u s t r i a l . s c a l e .  

A c c o r d i n g l y ,   an  e s s e n t i a l   f e a t u r e   of  the  c a t a l y s t   a c c o r d i n g   t o  

the  i n v e n t i o n   is  t h a t   the  n i c k e l   is  p r e sen t   in  m e t a l l i c   form  i n  

the  copper  p a r t i c l e s   in  such  a  way  t h a t ,   in  the  p r e sence   of  c a r b o n  

monoxide  in  the  gas  a tmosphere ,   the  n icke l   p a r t i c l e s   migra te   t o  

the  copper   s u r f a c e   where  they  e x e r t   t h e i r   c a t a l y t i c   a c t i v i t y   on 

the  above  r e a c t i o n s .   On  the  o the r   hand,  the  q u a n t i t y   of  n i c k e l  

at  the  copper  s u r f a c e   should  not  be  so  la rge   as  to  r e s u l t   in  c a r b o n y l  

f o r m a t i o n .   These  f a c t s   as  d i s c o v e r e d   by  the  i n v e n t o r s   are  s u p r i s i n g  

to  the  expe r t   because ,   h i t h e r t o ,   i t   had  g e n e r a l l y   been  assumed  . 
t h a t   u s e f u l   n i c k e l - c o p p e r   c a t a l y s t s   should  have  a  r e l a t i v e l y   h i g h  

n i c k e l   c o n t e n t   and  because  no  a t t e n t i o n   was  paid  to  the  fac t   t h a t  

the  n i c k e l   must  be  p r e s e n t   in  m e t a l l i c   form  in  the  copper  m a t r i x .  

The  m e t a l l i c   s t a t e   is  g e n e r a l l y   ob ta ined   by  the  r e d u c t i o n   of  m e t a l  

compounds  d e p o s i t e d   on  the  c a r r i e r   with  hydrogen.   In  one  v a r i a n t  

of  the  p r o c e s s ,   t h e r e f o r e ,   the  l a s t   s tage  in  t h e  p r o d u c t i o n   o f  

the  c a t a l y s t   is  the  r e d u c t i o n   s t e p .   On  account  of  the  poor  a c c e s s -  

i b i l i t y   of  some  n i c k e l   p a r t i c l e s ,   the  r e d u c t i o n   s tep   cannot  a l w a y s  

be  c a r r i e d   out  comple t e ly   to  m e t a l l i c   reduced  n i c k e l .   A c c o r d i n g  

to  the  i n v e n t i o n ,   i t   is  not  harmful   for  the  c a t a l y s t   to  c o n t a i n  

a  smal l   q u a n t i t y   of  n i c k e l   compounds  which  have  not  been  r e d u c e d  

of  m e t a l l i c   n i c k e l .   The  i m p o r t a n t   r equ i r emen t   is  t h a t   m e t a l l i c  

n i c k e l   should  be  p r e s e n t   in  the  c o p p e r - p a r t i c l e s   in  the  q u a n t i t y  

d e f i n e d   a b o v e .  

The  c a t a l y s t   a cco rd ing   to  the  i n v e n t i o n   may  be  produced  by  v a r i o u s  

methods.   In  the  main,  two  p r o c e s s e s   are  s u i t a b l e   for  i t s   p r o d u c t i o n ;  

namely:  the  s o - c a l l e d   ca rbony l   method,  which  is  d e s c r i b e d   in  d e t a i l  

i n  t h e  G e r m a n   Pa t en t   A p p l i c a t i o n   f i l e d   at  the  same  time  ( o f f i c i a l  

S e r i a l   No.  P  33  47  677.2)   under  the  t i t l e   "A  Process   for  t h e  

P r o d u c t i o n   of  a  C a t a l y s t " ,   and  secondly   p r o d u c t i o n   by  p r e c i p i t a t i n g  

b a s i c   copper  and  n i c k e l   compounds  from  a  s o l u t i o n   c o n t a i n i n g   c o p p e r  

and  n i c k e l   ions  onto  the  c a r r i e r   suspended  t h e r e i n ,   s e p a r a t i n g  



off  the  loaded  c a r r i e r   from  the  s o l u t i o n ,   c a l c i n i n g   and .  r educ ing  

the  loaded  c a r r i e r .   The  carbonyl   method  has  amongst  other  t h e  

advantage  tha t   the  r e d u c t i o n   step  to  produce  an  a c t i ve   c a t a l y s t  

can  l a r g e l y   be  a v o i d e d .  

The  c a t a l y s t   accord ing   to  the  i nven t ion   may  be  used  with  a d v a n t a g e ,  

for  example  for  the  fo l lowing   r e a c t i o n s :  

Methanat ion ,   i . e .   the  r e a c t i o n   of  carbon  monoxide  with  hydrogen  

to  form  methane  and  s t e a m .  

The  l o w - t e m p e r a t u r e   re forming  r e a c t i o n ,   in  which  hydrocarbons  a r e  

r eac ted   with  steam  to  form  methane  and  carbon  d ioxide   at  t e m p e r a t u r e s  

in  the  range  about  350  to  500°C. 

The  s h i f t   r e a c t i o n ,   i . e .   the  r e a c t i o n   of  carbon  monoxide  with  s t eam 

to  form  hydrogen  and  carbon  d iox ide .   However,  the  c a t a l y s t   a c c o r d i n g  

to  the  i n v e n t i o n   is  not  p a r t i c u l a r l y   s e l e c t i v e   in  tha t   r e a c t i o n  

at  t e m p e r a t u r e s   above  450°C.  

The  s h i f t - m e t h a n a t i o n   r e a c t i o n ,   in  which  carbon  monoxide  is  r e a c t e d  

with  hydrogen  and/or   steam  in  var ious   q u a n t i t a t i v e   r a t i o s   to  form 

methane  and  carbon  d i o x i d e .  

S e l e c t i v e   hyd rogena t ion   r e a c t i o n s   of  va r ious   k i n d s .  

One  f e a t u r e   common  to  a l l   these  r e a c t i o n s   is  tha t   carbon  monoxide 

and/or   hydrocarbons   are  p resen t   in  the  gas  phase  on  the  c a t a l y s t  

as  s t a r t i n g   m a t e r i a l s   or  as  r e a c t i o n   p r o d u c t s ,   p o s s i b l y   even  on 

an  i n t e r m e d i a t e   ba s i s .   These  r e a c t i o n s   are  c a r r i e d   out  in  known 

manner  using  the  c a t a l y s t   according  to  the  i n v e n t i o n .  

P a r t i c u l a r l y   high  a c t i v i t y   with  very  l i t t l e   danger  of  carbon  d e p o s i t s  

was  observed  in  the  case  of  the  above-ment ioned  methanat ion  r e a c t i o n .  

In  th i s   case,  the  ent ry   t empera tu re   for  the  me thana t ion   r e a c t o r  

can  be  kept  very  low,  for  example  in  the  range  from  about  250  t o  

350°C.  Since  c o n s i d e r a b l e   q u a n t i t i e s   of  n i cke l   carbonyl   are  formed 

in  s t a t e - o f - t h e   art   p r o c e s s e s ,   the  ex i t   t e m p e r a t u r e s   of  t h e  

methanat ion   r e a c t o r   have  to  be  kept  so  high  tha t   the  n i c k e l  c a r b o n y l  

is  r e d i s s o c i a t e d   at  the  t empera tu re s   in  ques t i on   and,  hence,  i s  

unable  to  pass  into  the  waste  gas  s t ream,  which  must  be  s t r i c t l y  

avoided  ( i n t e r   a l i a   on  account  of  the  high  t o x i c i t y   l e v e l ) .   Accord ing  

to  the  i n v e n t i o n   the  ex i t   t empe ra tu r e s   can  be  kept  lower,  for  example 

below  about  550°C  and  p r e f e r a b l y   below  500°C. 



The  p r e s e n c e . o f   monometa l l i c   n i c k e l   p a r t i c l e s   in  the  c a t a l y s t   c a n  

be  d e t e c t e d   by  magnet ic   methods.   It  is  known  t h a t ,   at  t e m p e r a t u r e s  

above  60°K,  c o p p e r - n i c k e l   a l l o y s   c o n t a i n i n g   l e s s   than  30  atom X 

of  n i c k e l   are  d i a m a g n e t i c   ( c f .   H.C.  van  Els t   et  a l ,   Phys ica   20  (1962)  

1297).  As  a  r e s u l t ,   i f   a l l   the  n i cke l   p resen t   is  a l l o y e d   with  c o p p e r ,  

only  very  weak  m a g n e t i z a t i o n ,   which  is  not  dependent   on  t e m p e r a t u r e ,  

is  measured,   even  in  a  s t r o n g   magnet ic   f i e l d   of,  for  example,  1040e.  

If ,   however,   a  s i g n i f i c a n t   q u a n t i t y   of  the  n i c k e l   in  the  c a t a l y s t  

is  p r e s e n t   in  the  form  of  monometa l l i c   c r y s t a l l i t e s ,   t he se   p a r t i c l e s  

s h o w  s u p e r p a r a m a g n e t i s m   (c f .   Selwood  in  " C h e m i s o r p t i o n   and  Magnet-  

i z a t i o n " )   or  even  f e r r o m a g n e t i s m .   The  p resence   of  f e r r o m a g n e t i c  

p a r t i c l e s   produces   a  s t e ep   i n c r e a s e   in  m a g n e t i z a t i o n   for   a  g i v e n  

s t r e n g t h   of  the  magneti   f i e l d .   The  m a g n e t i z a t i o n   of  s u p e r p a r a m a g n e t i c  

p a r t i c l e s   is  t e m p e r a t u r e - d e p e n d e n t .   N i c k e l - c o p p e r   a l l o y s   with  a  

n i c k e l   c o n t e n t   of  from  30  to  50  atom %  show  weak  paramagne t i sm  w h i c h ,  

compared  with  monometa l l i c   n i c k e l   p a r t i c l e s ,   g ives   r i s e   to  o n l y  

weak  m a g n e t i z a t i o n .   30  atom  %  of  n i cke l   in  the  n i c k e l - c o p p e r   a l l o y  

c o r r e s p o n d s   to  about  28  %  by  weight  of  n i c k e l .   The  p a r a m a g n e t i c  

moment  of  the  reduced  c a t a l y s t   is  no  h igher   than  1.0  µmb  per  n i c k e l  

atom  and /o r   n i c k e l   i o n .  

The  i n f r a r e d   a b s o r p t i o n   s p e c t r a   of  CO  i r r e v e r s i b l y   adsorbed   on  Cu-Ni-  

a l l oy   c a t a l y s t s   show  only  one  wide  a d s o r p t i o n   band  at  around  2000  cm-1.  

It  is  known  t ha t   CO  adsorbed   on  pure  copper  c a t a l y s t s   is  r e a d i l y  

deso rbed ,   whereas  CO  adsorbed   on  pure  n i cke l   c a t a l y s t s   cannot  b e  

desorbed   by  e v a c u a t i o n   at  room  t e m p e r a t u r e .   A c c o r d i n g l y ,   the  a d -  

s o r p t i o n   band  observed  a f t e r   e v a c u a t i o n   must  be  a t t r i b u t e d   to  CO 

adxorbed  at  " N i - l i k e "   p l a c e s .  

On  pure  N i - c a t a l y s t s ,   i r r e v e r s i b l y   adsorbed  CO  g ives   r i s e   to  two 

a d s o r p t i o n   bands,   the  band  with  a  maximum  at  2045  cm-1  b e i n g  

a t t r i b u t e d   to  l i n e a r l y   bound  CO  and  the  o ther   band  with  a  maximum 

at  1950  cm-1  being  a t t r i b u t e d   to  b r idge -bound   CO.  J.A.  Dalmon, 

M.  P r ime t ,   G.A.  Martin  and  B.  Imel ik ,   Surface  S c i . ,   50  (1975)  95 

observed   t ha t   the  maxima  of  both  bands  were  s h i f t e d   to  l o w e r  

f r e q u e n c i e s   when  a  n i c k e l - o n - s i l i c a  g e l   c a t a l y s t   was  a l l o y e d   w i t h  

copper .   In  a d d i t i o n   to  the  f r equency   s h i f t ,   they  a l so   observed  a  

r e d u c t i o n   in  the  a b s o r p t i o n   i n t e n s i t y   of  both  bands  with  i n c r e a s i n g  

copper  c o n t e n t .   The  bands  a s s i g n e d   to  b r i dge -bound   CO  showed  a  v e r y  



much  g r e a t e r   r e d u c t i o n   than  the  band  a ss igned   to  l i n e a r l y   bound  C0. 

This  was  exp l a ined   by  the  fact   tha t   a  l a r g e r   number  of  n icke l   atoms 

per  b ind ing   place  is  r e q u i r e d   for  b r idge -bound   CO  than  for  l i n e a r l y  

bound  CO.  In  f ac t ,   the  a b s o r p t i o n   band  of  b r idge -bound   CO  d i s a p p e a r s  

comple t e ly   at  copper  c o n t e n t s   above  50  % .  

The  f requency  s h i f t   is  n e c e s s a r i l y   i n d i c a t i v e   of  the  fact   t h a t ,  
a f t e r   wyposure  to  a  CO-atmosphere,   our  comple te ly   reduced  c o p p e r -  
n i c k e l   c a t a l y s t s   show  a  su r f ace   compos i t ion   in  which  n i cke l   i s  

p r e s e n t   as  an  i s o l a t e d   d i l u t e   spec i e s   in  a  copper  m a t r i x .  

When  the  c o p p e r - n i c k e l   c a t a l y s t s   are  produced  by  the  c a r b o n y l  

p r o c e s s ,   in  which  a  c o p p e r - s i l i c o n   c a t a l y s t   is  t ho rough ly   mixed 

with  f i n e l y   d iv ided   powder,  which  is  not  p r e sen t   in  m o n o c r y s t a l l i n e  

form  and,  a c c o r d i n g l y ,   shows  c r y s t a l   bounda r i e s   between  the  L .  

i n d i v i d u a l   c r y s t a l l i t e s ,   i t   is  impor tan t   tha t   a l l   such  n icke l   s h o u l d  

be  consumed  during  p r o d u c t i o n   of  the  c a t a l y s t   and  should  not  r ema in  

behind  in  the  c a t a l y s t   as  n i cke l   powder,  bacause  o the rwi se   i t   would 

give  r i s e   to  the  fo rmat ion   of  carbon  d e p o s i t s .   If ,   however,  n i c k e l  

powder  which  is  p r e s e n t   s o l e l y   in  m o n o c r y s t a l l i n e   form  and  does  

not  show  any  p a r t i c l e   b o u n d a r i e s ,   is  used  in  the  p r o d u c t i o n   of  t h e  

c a t a l y s t ,   i t   is  not  a b s o l u t e l y   necessa ry   for  a l l   the  n i cke l   powder 

to  be  consumed  by  r e a c t i o n   with  carbon  monoxide .  

If  the  c a t a l y s t   a cco rd ing   to  the  i n v e n t i o n   is  used  for  c a t a l y t i c  

r e a c t i o n s   at  t e m p e r a t u r e s   below  about  400°C  or,  in  some  c a s e s ,  

below  about  500°C,  i t   must  be  t r e a t e d   before   use,  i . e .   a f t e r   t h e  

r e d u c t i o n   s tep ,   i f   any,  in  a  gas  a tmosphere  c o n t a i n i n g   c a r b o n  

monoxide,  the  carbon  monoxide  p a r t i a l   p r e s s u r e   best   amounting  t o  

between  about  0.05  and  4  MPa  and  the  t e m p e r a t u r e   of  the  c a t a l y s t  

to  between  about  400  and  600°C  and  p r e f e r a b l y   to  between  about  400 

and  500°C.  The  t r e a t m e n t   is  best   c a r r i e d   out  for  at  l e a s t   15  m i n u t e s ,  

a  per iod   of  60  minutes   g e n e r a l l y   being  s u f f i c i e n t   as  the  upper  l i m i t .  

The  c a t a l y s t   is  s p e c i a l l y   a c t i v a t e d   in  t h i s  w a y .   In  p r a c t i c e ,   t h i s  

s p e c i a l   a c t i v a t i o n   may  a lso   be  c a r r i e d   out  in  s i t u   p rov id ing   c a r b o n  

monoxide,  p r e f e r a b l y   under  the  p a r t i a l   p r e s s u r e s   mentioned  above ,  

and  the  t e m p e r a t u r e s   mentioned  above  are  p r e s e n t   during  t h e  u s e  

of  the  c a t a l y s t   in  the  gas  phase.   The  terms  " c a r r i e r "   and  " s u p p o r t "  

are  e q u i v a l e n t .  



PRODUCTION  EXAMPLE  1 

The  s t a r t i n g   m a t e r i a l   is  a  c o p p e r - s i l i c o n   d iox ide   c a t a l y s t   which  

is  produced  in  known  manner  by  homogeneously  forming  hydroxyl  i o n s  

through  the  d e c o m p o s i t i o n   of  d i s s o l v e d   urea  at  around  90°C  in  a  

suspens ion   of  the  f i n e l y   d iv ided   s i l i c o n   d iox ide   of  large  s p e c i f i c  

s u r f a c e ,   which  is  used  as  the  c a r r i e r ,   in  an  aqueous  s o l u t i o n   o f  

a  copper  s a l t   and  thus  d e p o s i t i n g   copper  in  the  form  of  o x i d i c  

compounds  on  the  c a r r i e r   (cf .   DE-PS  1  767  202).   The  s i l i c o n   d i o x i d e  

used  is  a  commerc ia l ly   a v a i l a b l e   product   ( A e r o s i l ( R ) )   having  a  s u r f a c e  

of  200  m2/g.  The  loaded  c a r r i e r ,   which  c o n t a i n s   approx imate ly   30  % 

by  weight  of  m e t a l l i c   copper ,   based  on  the  t o t a l   weight  of  the  c h a r g e d  

c a r r i e r ,   was  d r i e d   for  20  hours  at  110°C,  ground  and  s ieved.   The 

.  f r a c t i o n s   with  p a r t i c l e   s i z e s   of  from  0.2  to  0.7  mm  ±10.05  mm  were 

used  for  f u r t h e r   p r o c e s s i n g .   The  subsequent   r e a c t i o n   was  c a r r i e d  

out  in  a  f l u i d i s e d   bed  r e a c t o r .  

The  c a t a l y s t   which  is  p r e s e n t   in  f l u i d s e d   form  was  c a l c ined   by 

p a s s i n g   over  a  mix ture   of  10 %  by  volume  of  oxygen  and  90 %  by  volume 

of  n i t r o g e n   at  400°C.  The  c a t a l y s t   was  then  reduced  by  pass ing  a 

mix ture   of  10 %  by  volume  of  hydrogen  and  90 %  by  volume  of  n i t r o g e n  

through  the  f l u i d i s e d   bed  r e a c t o r   for  5  hours  at  430°C.  The  n i t r o g e n  

is  used  to  ensure   tha t   a  s u f f i c i e n t l y   v igorous   gas  s t ream  k e e p s  

the  c a t a l y s t   in  the  f l u i d i s e d   s t a t e .  

In  a  small  s t a i n l e s s   s t e e l   r e a c t o r   (hold ing   c a p a c i t y   50  cc),  n i c k e l  

ca rbonyl   was  produced  by  t r e a t i n g   n icke l   p e l l e t s ,   which  had  been  

reduced  for  48  hours  at  450°C  in  an  atmosphere  of  equal  pa r t s   by 

volume  of  hydrogen  and  argon,   with  carbon  monoxide  at  a  t e m p e r a t u r e  

of  700C  and  under  a  p r e s s u r e   of  0.3  MPa. 

The  r e s u l t i n g   mix ture   of  n i cke l   carbonyl   and  carbon  monoxide  was 

i n t r o d u c e d   into  a  gas  mixing  chamber  in  a  q u a n t i t y   of  50  m l / m i n u t e  

t o g e t h e r   with  a  gas  s t ream  of  hydrogen  (5  %),  argon  (5  %)  and  n i t r o g e n  

(90  %)  in  a  q u a n t i t y   of  about  4  l i t e r s / m i n u t e .   The  hydrogen  was  u sed  
to  prevent   o x i d a t i o n   of  the  reduced  metal  p a r t i c l e s   by  any  oxygen 

i m p u r i t i e s   p o s s i b l y   p r e s e n t   in  the  la rge   q u a n t i t y   of  n i t rogen   u s e d .  

The  gas  stream  l e a v i n g   the  gas  mixing  chamber  was  i n t roduced   i n t o  



the  f l u i d i s e d   bed  r e a c t o r   c o n t a i n i n g   the  copper  c a t a l y s t   in  f l u i d i s e d  

form.  The  t e m p e r a t u r e   of  the  c a t a l y s t   in  the  f l u i d i s e d   bed  r e a c t o r  

dur ing  d e c o m p o s i t i o n   of  the  n i c k e l   ca rbonyl   amounted- to   be tween  

300  and  35°C.  At  that   t e m p e r a t u r e ,   the  n i cke l   ca rbonyl   d i s s o c i a t e s  

comple t e ly   on  copper  m o n o c r y s t a l s .   To  p reven t   the  n i c k e l   c a r b o n y l  

Ni(CO)4  from  decomposing  before   r each ing   the  c a t a l y s t   under  t h e  

e f f e c t   of  e x c e s s i v e   t e m p e r a t u r e s   below  or  i n s i d e   the  ( g l a s s )   f i l t e r  

which  forms  the  lower  boundary  of  the  f l u i d i s e d   bed,  only  the  u p p e r  

par t   of  the  r e a c t o r   above  the  ( g l a s s )   f i l t e r   was  hea ted .   The  l o w e r  

par t   was  cooled   by  an  a i r   s t ream.   As  a  r e s u l t ,   the  n i c k e l   was  o n l y  

d e p o s i t e d   above  the  f i l t e r ,   v i s i b l e   d e p o s i t i o n   of  n i c k e l   o c c u r r i n g  

in  the  lower  p a r t .   Samples  of  the  c a t a l y s t   were  removed  from  t h e  

r e a c t o r   at  v a r i o u s   time  i n t e r v a l s   and  a n a l y s e d .   The  n i c k e l   c o n t e n t  

was  de t e rmined   by  atomic  a b s o r p t i o n   s p e c t r o s c o p y   (AAS).  A n a l y s i s  

was  c a r r i e d   out  by  d i s s o l v i n g   a  c e r t a i n   q u a n t i t y   of  the  c a t a l y s t  

in  a  mix tu re   of  n i t r i c   acid  and  h y d r o c h l o r i c   acid  in  which  t h e  

a c t i v e   meta l s   d i s s o l v e   comple te ly   in  c o n t r a s t   to  the  s i l i c o n   d i o x i d e .  

The  s i l i c o n   d iox ide   p a r t i c l e s   were  c e n t r i f u g e d   off   from  the  s o l u t i o n  

and  washed  because   these  s o l i d   p a r t i c l e s   would  i n t e r f e r e   with  t h e  

AAS-measuremente.   The  q u a n t i t y   of  n i c k e l   in  the  acid  s o l u t i o n  w a s  

measured  at  a  wavelength  of  352.4  nm  in  an  a c e t y l e n e   a i r   f l a m e .  

The  l a r g e   q u a n t i t i e s   of  copper  p r e s e n t e d   no  problems  in  tha t   r e s p e c t .  

The  c h a r a c t e r i s t i c   data  of  a  b i m e t a l l i c   c a t a l y s t   o b t a i n e d   in  t h i s  

wax  are  shown  in  the  fo l lowing   T a b l e :  

(The  va lues   i n d i c a t e d   above  are  ave rages   of  values   de te rmined   by 

v a r i o u s   methods,   namely:  e l e c t r o n   microscopy ,   X-ray  l i n e   w i d e n i n g  

and  the  degree   of  c h e m i s o r p t i o n . )  



Less  than  1  %  by  weight  of  the  t o t a l   weight   of  the  n i cke l   is  n o t  

a l loyed   in  copper   p a r t i c l e s .  

PRODUCTION  EXAMPLE  2 

1000  ml  of  a  s o l u t i o n   of  12.2  g  of  urea  per  l i t e r   of  water  were  

i n t r o d u c e d   i n to   a  2.5  l i t e r   v e s s e l .   10  g  of  f i n e l y   d iv ided   s i l i c o n  

d iox ide   ( A e r o s i l   ( R )   were  then  suspended  in  t ha t   s o l u t i o n   and  t h e  

pH-value  a d j u s t e d   with  n i t r i c   acid  to  pH  2.  Af te r   h e a t i n g   to  90°C,  

the  pH-value  i n c r e a s e d   through  decompos i t i on   of  the  urea,   h y d r o x y l  

ions  being  homogeneously   r e l e a s e d .   Then  the  pH-value  reached  pH  5 . 8 ,  

the  i n j e c t i o n   of  a  c o p p e r - n i c k e l   s o l u t i o n   at  a  r a t e   of  0.4  cc  p e r  
minute  was  commenced.  The  c o p p e r - n i c k e l   s o l u t i o n   had  been  p r e p a r e d  

by  d i s s o l v i n g   16.3  g  of  Cu(NO3)2.3H2O  and  1  g  of  Ni(NO3)2.6H2O 
in  500  cc  of  wate r   and  a d j u s t i n g   the  pH-value  to  pH  2  by  t h e  

a d d i t i o n   of  n i t r i c   ac id .   The  pH-value  was  a u t o m a t i c a l l y   kept  a t  

pH  5.8  by  a  p H - s t a t   th rough  the  i n j e c t i o n   of  n i t r i c   a c i d .  

In  some  c a s e s ,   the  pH-va lue   was  not  kept  at  a  c o n s t a n t   l eve l   by 

the  i n j e c t i o n   of  ac id .   In  those  cases ,   the  i n i t i a l   ra te   o f  

i n j e c t i o n   of  the  c o p p e r - n i c k e l   n i t r a t e   s o l u t i o n   was  g r e a t e r   and  

the  pH-value  rose   c o n s t a n t l y   to  a  value  of  pH  6.3,   a f t e r   which  

i n j e c t i o n   was  t e r m i n a t e d .  

P r e c i p i t a t i o n   may  a lso   be  c a r r i e d   out  by  us ing   po tass ium  c y a n a t e  

i n s t e a d   of  urea  as  the  agent  for  homogeneously  forming  h y d r o x y l  

ions .   In  tha t   c a s e ,   however,   p r e c i p i t a t i o n   is  c a r r i e d   out  at  40°C 

i n s t e a d   of  90°C.  

Af ter   the  c o p p e r - n i c k e l   n i t r a t e   s o l u t i o n   had  been  i n t r o d u c e d ,   t h e  

d e p o s i t   was  s e p a r a t e d   o f f   from  the  s o l u t i o n ,   washed  and  dr ied   f o r  

20  hours  a t  1 1 0 ° C .  

The  c a t a l y s t   was  reduced   for  70  hours  at  650°C  in  a  gas  a t m o s p h e r e  

c o n t a i n i n g   10 %  by  volume  of  hydrogen,   r ema inde r   n i t r o g e n ,   t h e  

c a t a l y s t   being  o b t a i n e d   in  i t s   a c t i ve   f o r m .  



PRODUCTION  EXAMPLE  3 

20  g  of  a  c a t a l y s t   c o n t a i n i n g   30  %  by  weight  of  m e t a l l i c   c o p p e r ,  

based  on  the  t o t a l   wieght  of  the  c a t a l y s t ,   on  f i n e l y   d iv ided   s i l i c o n  

d iox ide   / A e r o s i l   (R))  as  c a r r i e r   was  thoroughly   mixed  with  1  g  o f  

a  very  fine  n i cke l   powder  ( p a r t i c l e   size  0.1  pm)  and  the  r e s u l t i n g  

mix ture   t a b l e t t e d .   The  n i c k e l   powder  had  been  ob t a ined   from  n i c k e l  

ca rbony l   and  was  e s s e n t i a l l y   p r e s e n t   in  the  form  of  m o n o c r y s t a l l i n e  

n i c k e l   c r y s t a l s .   This  mixure  of  c a t a l y s t   and  n i c k e l   powder  was 

reduced  for  6  hours  at  430°C  in  a  gas  stream  c o n t a i n i n g   10  %  by 

volume  of  hydrogen  and  90  %  by  volume  of  n i t r o g e n .   The  mixture  was 

then  cooled  to  110°C  and  s u b s e q u e n t l y   exposed  for  about  1  hour  t o  

a  CO-atmosphere  under  a  p r e s s u r e   of  app rox ima te ly   0.1  MPa.  A f t e r  

t h i s   t r e a t m e n t ,   the  t e m p e r a t u r e   in  the  r e a c t o r   was  i n c r e a s e d   t o  

450°C  at  a  r a t e   of  6°C  per  minute  and  then  kept  at  tha t   l eve l   f o r  

15  minutes .   The  mixture   was  then  cooled  to  110°C.  t h i s   process   o f  

i n c r e a s i n g   and  lowering  the  t empera tu re   was  r e p e a t e d   twice .   A f t e r  

the  t h i r d   t e m p e r a t u r e   i n c r e a s e ,   a  sample  was  removed  from  the  r e a c t o r  

and  ana lysed   avoid ing   o x i d a t i o n   of  the  c a t a l y s t .  

As  much  of  the  n i cke l   powder  as  p o s s i b l e   was  m a g n e t i c a l l y   removed.  

The  remaining  c a t a l y s t   was  examined  by  i n f r a r e d   s p e c t r o s c o p y   o f  

adsorbed   carbon  monoxide.  The  presence   of  pure  n i c k e l   is  i n d i c a t e d  

by  the  band  at  2045  cm-1.  However,  a  band  was  a lso   observed  a t  

2005  cm-1,  i n d i c a t i n g   t h a t   about  5  %  by  weight  of  n i c k e l ,   b a s e d  

on  the  t o t a l   weight  of  n i c k e l   and  copper,   were  p r e s e n t   in  t h e  

c a t a l y s t   an  an  a l loy   with  copper .   (Measuring  t e c h n i q u e s   are  d e s c r i b e d  

in  Surface   Science  50  (1975)  9 5 - 1 0 8 ) .  

EXAMPLE  1 

Car ry ing   out  the  me thana t ion   r e a c t i o n   by  r e a c t i n g   CO  with  H2 

A  gas  mixture  c o n t a i n i n g   50  %  by  volume  of  H2 and  50  %  by  volume 

of  CO  is  passed  over  the  c a t a l y s t   under  a  t o t a l   p r e s s u r e   of  0.1  MPa, 

at  a  t e m p e r a t u r e   of  400°C  and  at  a  space  v e l o c i t y   of  300  per  h o u r .  

A  c a t a l y s t   ob ta ined   in  accordance   with  P r o d u c t i o n   Example  1  was 

used,  c o n t a i n i n g   1.5  %  by  weight  of  m e t a l l i c   n i c k e l ,   based  on  t h e  



t o t a l   w e i g h t  o f   the  c a t a l y s t .   The  copper  c o n t e n t   a m o u n t s  t o  3 0 %  

by  we igh t ,   based  on  the  t o t a l   weight  of  the  c a t a l y s t .   The  c o n t e n t  

of  m e t a l l i c   n i c k e l ,   based  on  the  t o t a l   weight  of  m e t a l l i c   n i c k e l  

and  m e t a l l i c   copper ,   amounts  to  app rox ima te ly   4.7 %  by  weight .   The 

r e l a t i v e   c o n v e r s i o n   to  methane  ob t a ined   is  60  %.  This  c o n v e r s i o n  

l e v e l   d e c r e a s e s   only  s l i g h t l y ,   even  a f t e r   the  r e a c t i o n   has  been  

c a r r i e d   out  for  more  than  100  h o u r s .  

EXAMPLE  2 

C a t a l y s t   o b t a i n e d   in  accordance   with  P roduc t ion   Example  2  ( n i c k e l  

c o n t e n t   10 %  by  weight ,   based  on  the  copper  c o n t e n t )   is  used  f o r  

the  m e t h a n a t i o n   r e a c t i o n ,   the  s t a r t i n g   mixture   having  the  f o l l o w i n g  

c o m p o s i t i o n :   10 %  of  H2,  10 %  of  CO,  80 %  of  N2.  Space  v e l o c i t y  

1500  per  hour.   F igure   1  shows  the  convers ion   of  the  s t a r t i n g   g a s  

mix tu re   to  methane  as  a  f u n c t i o n   of  the  pe r iod   of  o p e r a t i o n   of  t h e  

r e a c t o r .   It   can  be  seen  f r o m  F i g u r e   1  t ha t ,   even  a f t e r   p r o l o n g e d  

o p e r a t i o n   of  the  r e a c t o r ,   t he re   is  only  a  s l i g h t   r e d u c t i o n   in  t h e  

c o n v e r s i o n   l e v e l .   This  is  a t t r i b u t a b l e   to  the  c o m p o s i t i o n   of  t h e  

c a t a l y s t   c o r r e s p o n d i n g   to  the  d e f i n i t i o n   of  the  p r e s e n t   i n v e n t i o n .  

If   r e d u c t i o n   of  the  c a t a l y s t   is  i nadequa te   and  u n l e s s   at  l e a s t  

80 %  of  the  n i c k e l   bound  to  the  c a r r i e r   are  un i fo rmly   d i s t r i b u t e d  

as  m e t a l l i c   n i c k e l   in  the  m e t a l l i c   copper,   a  r e d u c t i o n   in  t h e  

c o n v e r s i o n   l e v e l   occurs   c o n s i d e r a b l y   e a r l i e r .  



1.  A  c o p p e r - n i c k e l   c a t a l y s t   c o n t a i n i n g   on  an  i n e r t ,   r e f r a c t o r y   c a r r i e r  

m e t a l l i c   copper  and  n i c k e l   as  a c t i ve   component  bound  to  the  c a r r i e r ,  

c h a r a c t e r i s e d   in  t h a t  

a)  the  c a t a l y s t   c o n t a i n s   at  l e a s t   5  %  by  weigh t ,   based  on  t h e  

t o t a l   weight  of  the  c a t a l y s t ,   of  m e t a l l i c   c o p p e r ,  

b)  the  c a t a l y s t   c o n t a i n s   l e s s   than  25  %  by  weight  of  m e t a l l i c  

n i c k e l ,   based  on  the  t o t a l   weight  of  m e t a l l i c   copper  and 

m e t a l l i c   n i c k e l ,  t h e   c a t a l y s t   c o n t a i n i n g   at  l e a s t   1  %  by  w e i g h t  

of  m e t a l l i c   n i c k e l ,   based  on  the  t o t a l   weight  o f  t h e   c a t a l y s t ,  

c)  at  l e a s t   80 %  by  weight  of  the  n icke l  i s   a l l o y e d   in  the  m e t a l l i c  

c o p p e r ,  

d)  the  c o p p e r - n i c k e l - a l l o y   is  p resen t   on  the  c a r r i e r   in  s m a l l  

metal  p a r t i c l e s   with  an  average  p a r t i c l e   s i ze   of  l e s s   t h a n  

14  nm.  -  

2.  A  c a t a l y s t   as  c la imed  in  claim  1,  c h a r a c t e r i s e d   in  tha t   the  w e i g h t  

r a t i o   between  copper  and  n i c k e l   in  the  c a t a l y s t   is  between  16 

and  100.  

3.  A  c a t a l y s t   as  c la imed  in  claim  1  or  2,  c h a r a c t e r i s e d   in  t h a t  

the  average  p a r t i c l e   s i ze   of  the  metal  p a r t i c l e s   is  l e s s   t h a n  

12  nm. 

4.  A  c a t a l y s t   as  c laimed  in  claim  1  or  2,  c h a r a c t e r i s e d   in  t h a t  

the  average  p a r t i c l e   s i ze   of  the  metal  p a r t i c l e s   is  l ess   t h a n  

10  nm. 

5.  A  c a t a l y s t   as  c laimed  in  claim  1  or  2,  c h a r a c t e r i s e d   in  t h a t  

the  average  p a r t i c l e   s i ze   of  the  metal  p a r t i c l e s   is  l ess   t h a n  

8  nm. 

6.  A  c a t a l y s t   as  c laimed  in  one  or  more  of  c la ims   1  to  5 ,  

c h a r a c t e r i s e d   in  t ha t   at  l e a s t   90 %  by  weight   of  the  n i c k e l  



in  the  c a t a l y s t   is  a l l o y e d   in  the  m e t a l l i c   c o p p e r .  

7.  A  c a t a l y s t   as  c la imed  in  one  or  more  of  c l a ims-1   to  5 ,  

c h a r a c t e r i s e d   in  t h a t   at  l e a s t   95 %  by  weight  of  the  n i c k e l  

in  the  c a t a l y s t   is  a l l o y e d   in  the  m e t a l l i c   c o p p e r .  

8.  A  c a t a l y s t   as  c la imed  in  one  or  more  of  c la ims   1  to  7 ,  

c h a r a c t e r i s e d   in  t h a t   the  n i c k e l   a l l o y e d   in  the  m e t a l l i c   c o p p e r  
is  d i s t r i b u t e d   so  homogeneously ,   t h a t   i t   is   p r e s e n t   i n  

c o p p e r - n i c k e l   p a r t i c l e s   c o n t a i n i n g   at  most  30 %  by  w e i g h t  

of  m e t a l l i c   n i c k e l ,   based  on  the  t o t a l   weight   of  m e t a l l i c  

copper  and  m e t a l l i c   n i c k e l .  

9.  A  c a t a l y s t   as  c la imed  in  one  or  more  of  c la ims   1  to  8 ,  

c h a r a c t e r i s e d   in  t h a t   the  c a r r i e r   is  f i n e l y   devided  s i l i c o n  

d iox ide   having  a  s p e c i f i c   s u r f a c e   of  more  than  50  m2/g .  

10.  A  c a t a l y s t   as  c la imed  in  one  or  more  of  c la ims   1  to  9 ,  

c h a r a c t e r i s e d   in  t h a t   i t   c o n t a i n s   l e s s   than  6 %  by  w e i g h t  

of  m e t a l l i c   n i c k e l ,   based  on  the  t o t a l   weight   of  m e t a l l i c  

copper  and  m e t a l l i c   n i c k e l .  

11.  A  p roces s   for  p roduc ing   the  c o p p e r - n i c k e l   c a t a l y s t   c l a i m e d  

in  one  or  more  of  c la ims   1  to  10,  c h a r a c t e r i s e d   in  t h a t  

a)  copper  compounds  and  n i c k e l   compounds  are  p r e c i p i t a t e d  

in  a  d i l u t e   s o l u t i o n ,   which  c o n t a i n s   the  c a r r i e r   s u s p e n d e d  

in  f i n e l y   d iv ided   form  and  copper  ions  a n d  n i c k e l   i o n s  

in  the  d e s i r e d   r a t i o ,   by  r e a c t i o n   with  hydroxyl   ions  a t  

a  pH-value  of  from  3.5  to  6.5,  accompanied  by  p r o l o n g e d  

i n t e n s i v e   s t i r r i n g ,   and  the  loaded  c a r r i e r   is  s e p a r a t e d  

o f f  f r o m   the  s o l u t i o n ,   d r i e d ,   c a l c i n e d   and  reduced  u r i t i l  

at  l e a s t   80 %  of  the  n i c k e l   in  the  c a t a l y s t   has  been  r e d u c e d  

to  m e t a l l i c   n i c k e l ,   o r  

b)  n i c k e l   ca rbonyl   is  a l lowed  to  act  on  a  c a t a l y s t   which  

c o n t a i n s   m e t a l l i c   copper  in  f i n e l y   d i v i d e d   form  on  an  i n e r t ,  

r e f r a c t o r y   c a r r i e r   and  of  which  the  t e m p e r a t u r e   is  above  

100°C.  



12.  A  p rocess   as  c la imed  in  claim  11,  c h a r a c t e r i s e d   i n - t h a t   t h e  

n icke l   c a rbony l   is  allowed  to  act  on  the  c o p p e r - c o n t a i n i n g  

c a t a l y s t   used  as  s t a r t i n g   m a t e r i a l   in  a  f l u i d i s e d - b e d   r e a c t o r  

in  which  the  c a t a l y s t   p a r t i c l e s   are  p r e sen t   in  f l u i d i s e d   form.  

13.  A  p roces s   as  c la imed  in  claim  11,  c h a r a c t e r i s e d   in  tha t   t h e  

c a t a l y s t   c o n t a i n i n g   m e t a l l i c   copper  is  t ho rough ly   mixed  w i t h  

n i cke l   powder  and  carbon  monoxide  is  al lowed  to  act  on  t h e  

r e s u l t i n g   mix ture   so  tha t   n i c k e l   ca rbony l   is  formed  in  s i t u .  

14.  The  use  of  the  c a t a l y s t   c laimed  in  one  or  more  of  claims  1 

to  13  for  the  r e a c t i o n   of  carbon  monoxide  with  hydrogen  t o  

form  m e t h a n e .  
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